Using a mean field theory on the von Neumann lattice, we study compressible anisotropic states around ν = l + 1/2 in the quantum Hall system. The Hartree-Fock energy of the UCDW are calculated self-consistently. In these states the unidirectional charge density wave (UCDW) seems to be the most plausible state. We show that the UCDW is regarded as a collection of the one-dimensional lattice fermion systems which extend to the uniform direction. The kinetic energy of this one-dimensional system is induced from the Coulomb interaction term and the self-consistent Fermi surface is obtained.
Introduction
As summarized in the table below, the physics at the half-filled l-th Landau level is drastically changed in the different Landau level space. In particular, the nature of the anisotropic states discovered in the third or higher Landau levels are unknown until now. At the half-filled lowest and second Landau levels, transition to the anisotropic state was also observed in the presence of the periodic potential or in-plane magnetic field, respectively.
The charge density wave state (CDW) 1,2,3,4,5 is a candidate of the anisotropic state. We study the compressible charge density wave (CCDW) states, which has no energy gap, by the Hartree-Fock approximation using the von Neumann lattice formalism.
6,7
There are two types of The CCDW states, the one is the unidirectional charge density wave (UCDW) state and the other is the compressible Wigner crystal (CWC) state. The UCDW state has a charge density which is uniform in one direction and oscillates in the other direction. The charge density of the CWC state has the same periodicity of the von Neumann lattice. The classification of the CDW is given in the next table. 
FQHE
Let us consider the two-dimensional electron system in a perpendicular magnetic field B which is described by a Hamiltonian H = H 0 + H int ,
where ρ(r) = ψ † (r)ψ(r), ∇ × A = B, and V (r) = q 2 /r. In the von Neumann lattice formalism, 6,7 the electron field is expanded as ψ(r) = l,X b l (X)W l,X (r), where b is an anti-commuting annihilation operator and X is an integer valued two-dimensional coordinate. The Wannier basis W l,X (r)'s are orthonormal complete basis in the l-th Landau level as (W l,X (r), W l ′ ,X ′ (r)) = δ ll ′ δ X,X ′ . W l,X (r) are localized at two-dimensional lattice sites me 1 + ne 2 for X = (m, n), where e 1 = (ra, 0), e 2 = (a/r tan θ, a/r), and a = 2π/eB. The area of the unit cell is e 1 × e 2 = a 2 . We set a = 1 in the following calculation. The Bloch wave basis u l,p (r) = X W l,X (r)e ip·X is another useful basis. We can obtain the charge density profile 7 of the CDW state using this basis. The lattice momentum p is defined in the Brillouin zone (BZ), |p i | ≤ π. Using this basis, we obtain another expansion of the electron field as ψ(r) = l BZ
r). The Fourier transformed density operatorρ(k) = d
2 rρ(r)e ik·r is written as
· dp, whereÃ(p) = (p y /2π, 0), which represents a uniform magnetic field in the momentum space ∇ p ×Ã(p) = −1/2π. The following boundary condition is required, e iλ(p+2πN)−iλ(p) = (−1) Nx+Ny e −iNypx , N x , N y : integers.
The matrix M l,l ′ is given by
Wigner crystal
Incompressible
Charge density wave (CDW)
The free Hamiltonian H 0 and interaction Hamiltonian H int become
where
Thus the system is translationally invariant on the lattice.Ṽ (k) = 2πq 2 /k for k = 0 andṼ (0) = 0 due to the charge neutrality condition.
The Hamiltonian H is invariant under the transformation
This transformation is the magnetic translation in the momentum space p → p + K. This invariance is referred to as the K-invariance in the composite fermion model.
Hartree-Fock energy for the CCDW states
We consider only the intra-Landau level's energy of the l-th Landau level. The filling factor ν is written as ν = l +ν. Mean field U l (X ′ , X) = b † l (X)b l (X ′ ) for the CCDW which has the translational invariance on the von Neumann lattice, that is, U l (X − X ′ ) = U l (X, X ′ ), U l (0) =ν. The Hartree-Fock Hamiltonian in the l-th Landau level, then, becomes
